The Asian shrub Rhodomyrtus tomentosa is an invasive weed in Florida and Hawaii, USA. Surveys for natural enemies of this exotic shrub in Hong Kong, China, resulted in the development of a laboratory colony and initial host range testing of Carea varipes Walker as a potential biological control agent of R. tomentosa. Twelve critical test plant species were presented to C. varipes larvae, but complete development was limited to R. tomentosa, the ornamental Myrtus communis, and the Florida native Morella cerifera. Total development time was >10 d faster when held with R. tomentosa and M. communis versus M. cerifera, with the latter species requiring an extra larval instar to reach the pupal stage. Total consumption levels over an individual's larval stage were similar among R. tomentosa and M. cerifera but, when the longer development time associated with the latter host is accounted for, consumption rates indicate that larvae consumed >2 times more leaf material when held with the Florida native. Despite an apparent preference for R. tomentosa, it is clear that the physiological host range of C. varipes includes the Florida native M. cerifera and the ornamentally important M. communis. The generalized feeding patterns exhibited in this research indicates that additional resources dedicated to the development of this species as a biological control agent are unwarranted.
The genus Rhodomyrtus (DC.) Rchb. is composed of 22 species, all of which are native to Asia and Australia (Snow et al. 2008 ). The type species, Rhodomyrtus tomentosa (Ait.) Hassk. (Myrtaceae), is a long-lived multibranched evergreen shrub that typically reaches ca. 2 m in height (Scott 1978 , Possley et al. 2003 . The native range of R. tomentosa extends from India in the west, across China to Japan's Ryukyu Islands of Okinawa and Ishigaki in the east, and south through Indonesia (Langeland and Craddock Burks 1998) .
Rhodomyrtus tomentosa was exported in the late 1800s to various locations worldwide, including the states of Hawaii and Florida in the USA. In Florida, the earliest herbarium record was collected from Manatee County in 1898 and was recognized as escaping cultivation as early as 1916 . Subsequently, populations of the plant began spreading into undisturbed natural areas in central and southern Florida, but reports in the scientific literature regarding this invasion were not published until nearly 85 yr following the plant's introduction (Langeland and Craddock Burks 1998) . Alexander (1981) , for instance, expressed alarm at the exotic shrub's high population growth rates and invasive potential, indicating that its expansion was comparable to the most pernicious of Florida's exotic weeds. The Florida Exotic Pest Plant Council categorized R. tomentosa as a Category 1 species in 1999, a designation reserved for plants that are "invading and disrupting native plant communities" (FLEPPC 1999) . Although data are scant, invasion by R. tomentosa appears to alter fire regimes, nutrient mineralization, and light availability, resulting in impacts on the vertical structure of plant communities and recruitment of native species (Plucknett et al. 1963 , Austin 1999 , Possley et al. 2003 .
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Classical biological control involves reuniting an exotic weed with host-specific natural enemies from the plant's native range (Muller-Scharer and Schaffner 2008) . The use of biological control to suppress population growth rates of R. tomentosa has been considered for several decades. Inventories of natural enemies began in the 1960s when Krauss (1966) surveyed a portion of the native range in Hong Kong, China, and cataloged 20 herbivores associated with the plant. Later surveys by Winotai et al. (2005) enumerated additional species in Thailand, including the discovery of Carea varipes Walker (Lepidoptera: Nolidae) larvae feeding on leaves. A renewed interest in biological control of R. tomentosa has led to additional surveys and shipments of natural enemies to quarantine facilities in Florida for consideration as biological control agents (Adamski et al. 2013; Pratt et al. 2013 Pratt et al. , 2014 . Surveys of R. tomentosa in Hong Kong during the spring of 2012, for instance, focused on collecting and colonizing several species of interest, including the previously reported C. varipes.
Little is known concerning the biology or ecology of C. varipes. Forewings of adult C. varipes moths are pale red to rufous brown, with curved double postmedial lines bisecting the distal portion of the wing (Fig. 1 ). Adults are strong fliers and the reported distribution encompasses much of southeast Asia, including Thailand, Malaysia, Sri Lanka, and Hong Kong (Winotai et al. 2005 , Robinson et al. 2010 . Larval stages of C. varipes, like most species in the subfamily Careini, are characterized by a swollen thorax that appears "berry-like" (Fig. 1 , Robinson et al. 2010) . Surveys by Winotai et al. (2005) observed C. varipes feeding on R. tomentosa in Thailand and noted that larvae were uncommon, occurring singly at widely separate locations. Mohn (2002) also observed C. varipes larvae feeding on R. tomentosa in Hong Kong, China. However, the herbivore's host range and suitability as a biological control agent remained unclear. The objective of this study was to quantify the development, survivorship, and consumption by C. varipes larvae when fed leaves of plant species that range in taxonomic relatedness to the known host and invasive weed R. tomentosa.
Materials and Methods
A laboratory colony of C. varipes was initiated from individuals collected near Tai Lam Ecological Garden (N22 22.558, E114 02.829) in the NW New Territories area of Hong Kong, China. Thirteen larvae were shipped on May 5, 2012 to the quarantine facility at the United States Department of Agriculture, Agriculture Research Service, Invasive Plant Research Lab (IPRL) in Fort Lauderdale, FL, under permit # P526P-09-02955. Upon arrival, larvae were placed within a ventilated clear plastic container (50 by 50 by 50 cm 3 ), provisioned exclusively with R. tomentosa foliage until pupation, and maintained at 25 C (65). The resulting adults were placed in a screen enclosure (33 by 33 by 61 cm 3 ) in a quarantine glasshouse (28 C (65), 85% (610) relative humidity (RH)) and provided with water from saturated cotton balls. Eggs were deposited on plants within the cage but also along the walls of the enclosure. Neonates (F 1 ) were collected following emergence and reared as described above. The following generation (F 2 ) consisted of >250 adults, and their progeny (F 3 ) were used to gather information on general biology and behavior as well as for in the following experiments.
Test plant species used in this study 1) represented a range of genera within the Myrtaceae, 2) are sympatric with the intended target R. tomentosa, or 3) are of particular concern for horticultural or conservation reasons. Test plants included six Florida native species in the family Myrtaceae (Calyptranthes pallens Griseb., Eugenia axillaris (Swartz) Willd., Eugenia confusa DC., Eugenia foetida Pers., Eugenia rhombea (Berg) Krug ex Urban, Myrcianthes fragrans (Small) K.A. Wils.); and the native Morella cerifera (L.) Small (Myricaceae). Several exotic species in the Myrtaceae that are common in Florida were also tested: the ornamental Myrtus communis L., the fruit tree Syzygium malaccense (L.) Merr. & L.M.Perry, the timber tree Eucalyptus camaldulensis Dehnh., the exotic Melaleuca quinquenervia (Cav.) S. T. Blake, and the target weed R. tomentosa. A minimum of five replicate plants per species were maintained on the IPRL grounds as either potted plants or as individuals growing within the facility's existing landscape.
The experiment was conducted in a single controlled environmental chamber set at 25 C, 75% RH, and a photoperiod of 14:10 (L:D) h. Sixty neonate larvae (<24 h old) were collected from the adult oviposition enclosures and placed individually into separate 90-by 15-mm petri dishes. Five replicate dishes, and associated larvae, were randomly assigned one of the 12 host plant treatments. Each dish was lined with a slightly moistened filter paper (VWR #413) on which excised leaves of the assigned host plant were placed. Dishes were sealed with parafilm, creating internal conditions of 25 C and 90% RH when measured with a data logger (Hygrochron iButton, Maxim Integrated, San Jose, CA). Mature, fully expanded leaves in excess of the herbivore's daily consumption were added to each petri dish every 24 h. Leaves were washed in a 1% bleach solution prior to feeding, rinsed in deionized water, and the midrib of each leaf was excised. Leaf consumption was monitored by providing half of each leaf to the assigned larva while the other corresponding half was placed in a labeled paper bag and dried at 60 C to a constant weight. Larval development was monitored daily and the dates of molting (as demarked by the presence of a discarded head capsule), pupation, and adult emergence were recorded. The unconsumed leaf fragments and larval frass for each individual were collected at the end of each instar and dried. Each pupa was removed from its silken cocoon and weighed 48 h following pupation. Weighed pupae were returned to their respective dish and monitored until adult emergence. The relationship between pupal fresh and dry weights was calculated by weighing a separate group of 20 pupae 48 h following pupation and drying them at 60 C to a constant weight. Linear regression was used to estimate pupal dry weights as a function of pupal fresh weight.
Development times for each instar were calculated and reported as mean (6SE). Larval survivorship was calculated as the number of larvae reaching a given instar divided by the number of replicates (five). Comparisons of development times and consumption among host plants were conducted with ANOVA followed by Tukeys HSD post hoc tests (PROC GLM). Logistic analysis of variance (errors modelled using a binomial distribution and a logit link function used to relate the response variable to the linear predictors) was used to investigate the influence of host plant species on survivorship of the neonate stage (PROC GENMOD, Littell et al. 2002) . Survival analysis (PROC LIFETEST) with Kaplan-Meier estimation and logrank tests were used to compare survival of larvae on the five host plants on which two or more larvae survived the first stadium. They were also used to compare cumulative development time to reach the conclusion of each larval instar (molting), time to pupation, and time to adult eclosion, among the three host plants on which multiple larvae survived to adult eclosion, with Tukey correction of pairwise comparisons of survival functions. Gravimetric methods were used to quantify nutritional indices following Scriber and Slansky (1981) : B ¼ (I À F) À M, where B represents leaves assimilated for herbivore growth, I ¼ ingested leaves, F ¼ frass, M ¼ metabolized resources, and I À F ¼ assimilated leaves (g dry weight). Ingested leaves (I) was calculated by subtracting the sum of dry weight of uneaten leaf fragments from that of corresponding reference half leaves for each larval instar (Wheeler and Halpern 1999) . Utilization efficiencies were expressed as: approximate digestibility (AD ¼ (I À F) / I) and conversion efficiency of digested food (ECD ¼ B / (I À F)). To determine the influence of host plant species on C. varipes growth rate (GR), pupal dry weights were analyzed with ANCOVA using development time as a covariate. Similarly, larval consumption rates (CR) were compared among host plants with ANCOVA using development time as a covariate. The effect of host plant species on AD and ECD were analyzed using ANCOVA, with consumption (I) and assimilation (I À F) as covariates, respectively (Wheeler and Halpern 1999) . All data analyses were done using SAS v 9.4 (SAS 2008)
Results

Survival and Development
Host plant species influenced survival of first-instar C. varipes larvae (v 22 1 ¼ 30.6, P < 0.001). No neonates survived when held with E. axillaris, E. confusa, E. foetida, E. rhombea, M. fragrans, S. malaccense, and E. camaldulensis. Reduced survivorship was also observed when neonates were held with C. pallens and M. quinquenervia: only 40% of individuals molted to the second stadium for each host. This trend continued as the few remaining larvae were unable to develop past the third instar when held with C. pallens and only 20% of individuals completed larval development when held with M. quinquenervia. Total larval survivorship (neonate to pupa) was greatest for R. tomentosa (80%), M. cerifera (80%), and M. communis (80%). Among the five plants on which at least two larvae survived the first stadium, survival varied significantly (v 22 4 ¼ 12.6, P ¼ 0.014). Egg maturation required 5.1 (60.03) d when held at 25 C. Host species that supported development influenced development of only first and fourth instars, with no differences in development rates among the other stages (Table 1) . Development of neonate larvae was fastest when held with R. tomentosa and slowest with C. pallens, while the remaining species were intermediate (Table 1) . In contrast, larvae in the fourth stadium feeding on M. communis developed faster than those feeding on M. cerifera, with R. tomentosa intermediate ( Table 1 ). The seventh larval stadium was always longest in duration, regardless of host species. An additional instar (eighth) occurred when larvae were held with M. communis and M. cerifera (Table 1) . Complete larval development was limited to four species but only a single individual survived to pupation when feeding on M. quinquenervia. Therefore, statistical comparisons of larval development and performance are limited to R. tomentosa, M. communis, and M. cerifera. Host species influenced total larval development rates (F ¼ 81.86 df 2,10 ; P < 0.0001), with complete development ranging from 34.8 d when held with R. tomentosa to 55.8 d for M. cerifera (Table 1) . Pupal duration was similar among host species (F ¼ 1.1 df 3,12 ; P ¼ 0.39), requiring 10.9 (0.2) d before adult emergence. Total development time from egg to adult was markedly shorter for larvae feeding on R. tomentosa (Table 1) . Survival analysis indicated that the cumulative time to completion of each larval stadium, to pupation, and to adult eclosion varied significantly among the three hosts (v 22 2 ! 8.2, P 0.02, total of nine log-rank tests). Time to completion of each stage was estimated as the time at which the probability of a larva remaining in that stage for at least one more day was 50%, and these values are shown in Fig. 2 . In pairwise comparisons of the survival functions, R. tomentosa varied significantly from M. cerifera (v 2 1 ! 7.5, P 0.02) but not M. communis in cumulative development time to complete each larval stage, to pupate, and to eclose as adults. 
Consumption and Utilization Efficiencies
Total larval consumption was influenced by host plant species (F 4,12 ¼ 6.83; P ¼ 0.0157), with larvae consuming similar amounts of R. tomentosa (2.9 (60.58) g) and M. cerifera (3.0 (60.15) g) but lower quantities of M. communis (1.3 (60.15) g). Pupal dry weights were similar when larval stages were fed R. tomentosa (0.40 (60.03) g), M. communis (0.37 (60.03) g), and M. cerifera (0.35 (60.02) g). The relationship between fresh and dry pupal weights is characterized as DW ¼ 0.295FW À 0.0191 (adjusted R 2 ¼ 0.68), where DW is pupal dry weight (g) and FW is pupal fresh weight (g). Based on this relationship, dry weights were calculated from pupal fresh weights and then compared among host plant species.
Rates of biomass gain (GR) were similar among the three host species after accounting for the influence of development time (Table 2) . Plant species, in contrast, influenced larval consumption rates (CR; Table 2), with larvae consuming nearly twofold more M. cerifera (least square mean: 3.8 (60.82) g) biomass as compared to R. tomentosa (1.5 (61.20) g) and M. communis (1.8 (60.54) g). The approximate digestibility (AD) also varied among host plants (Table 2) , as larvae feeding on R. tomentosa (2.1 (60.03) g) produced slightly more frass as compared to M. cerifera (1.9 (60.3) g) and M. communis (1.8 (60.4) g) after adjusting for differences in consumption (Table 2) . Larval biomass gain (ECD) was not influenced by the three host plant species that supported complete larval development (Table 2) .
Discussion
This is the first report describing the biology of C. varipes. This poorly known species has only been described in taxonomic reports and insights into the herbivore's behavior are absent from the scientific literature. Several interesting biological attributes were observed during the rearing phase of this study and are reported here anecdotally. Eggs were placed widely throughout the plant canopies but also deposited on the cage walls, suggesting that female moths are not fastidious in their ovipositional behavior under the conditions tested. Larvae were observed feeding on both sides of the leaves. When disturbed, young larvae commonly ballooned off the leaf from a silken thread that was attached to the plant. In contrast, late instar larvae were never observed ballooning from the host plant but, instead, reared backwards with their heads and thoraxes, lifting off the leaf surface when disturbed and were supported solely by their prolegs. With their head and the bulbous thorax in this reared position, larvae expressed a dark droplet of liquid from their mouth parts that is assumed to be partially digested leaf material. It is assumed that these behaviors are defensive in nature.
Clear differences were observed in the survivorship of C. varipes when held with the test plant species. The Eugenia species, M. fragrans, E. camaldulensis, and S. malaccense were uniformly unacceptable hosts for C. varipes. It was unexpected that the latter species, S. malaccense, did not support development of C. varipes when the congener Syzygium aromaticum (L.) Merrill & Perry is reported as a host, although the suitability of S. aromaticum to support development is unknown (Robinson et al. 2010) . Partial development was observed when held with the Florida native C. pallens, with decreasing levels of survivorship to the third larval stage. Larval mortality when held with the invasive exotic M. quinquenervia also increased over time but only a single replicate larva was able to complete development when feeding on the Australian native. Survivorship data indicates that C. varipes experiences strong selection pressures when presented with multiple hosts in nature and clearly is not a generalist herbivore. Based on the plant species tested herein, however, survivorship and host fidelity patterns do not follow plant phylogenetic relationships and so C. varipes is not a strict monophogous herbivore that specializes on plants within a family or genus. Three of the twelve test species supported complete development of C. varipes but highest levels of survivorship were observed when held with species from separate families Data (mean 6 SE) represent days in each larval instar and total time required to complete development. Data without a standard error were collected from a single surviving individual and were not included in the associated analysis. Means with the same letter in each column are not significantly different in analysis of variance with Tukey HSD correction. ( Table 1) . These data provide strong evidence that species in the Myrtaceae and Myricaceae are physiological hosts of C. varipes, but additional research is needed to quantify host specificity patterns within these families, as well as other families not investigated as part of this study. Based on development times and foliar consumption, it appears that R. tomentosa is the preferred host among those species that supported complete development. Total development time was >10 d faster when held with R. tomentosa versus M. communis and M. cerifera (Table 1) , although survival analysis indicated similar total larval and egg-to-adult development times on R. tomentosa and M. communis. Seven larval stages were recorded when held with R. tomentosa but an eighth larval stage was required when held with M. communis and M. cerifera. Total consumption levels over an individual's larval stage were similar among R. tomentosa and M. cerifera but, when the longer development time associated with the latter host is accounted for, consumption rates indicate that larvae consumed >2 times more leaf material when held with the Florida native.
The primary objective of this research was to quantify the suitability of C. varipes as a biological control agent of R. tomentosa in Florida. Risk assessments of candidate biological control agents typically focus on host specificity tests to predict feeding damage to environmentally or economically important nontarget plant species in the new range (Muller-Scharer and Schaffner 2008, Van Driesche et al. 2008) . Although the number of species tested was limited (n ¼ 12), it is clear that the physiological host range of C. varipes includes the Florida native M. cerifera and the ornamentally important M. communis. The generalized feeding patterns exhibited in this research indicates that additional resources dedicated to the development of this species as a biological control agent are unwarranted.
